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Purpose: The classification of lamellar macular holes (LMHs) into two subtypes has
recently been proposed. However, the effectiveness of vitrectomy for treatment of each
type of LMH is not well established. The goal of this study was to compare functional and
anatomic changes after vitrectomy between eyes with degenerative LMH and those with
tractional LMH.
Patients and methods: This was a retrospective analysis of the medical records of patients
with LMH who underwent vitrectomy. Best-corrected visual acuity (BCVA) and central
macular thickness (CMT) were measured preoperatively (baseline), as well as at 1, 3 and
12 months postoperatively. BCVA and CMT were compared between eyes with degenerative
LMH and those with tractional LMH.
Results: Thirty-two eyes met the inclusion criteria. Thirteen eyes were diagnosed with
degenerative LMH and 19 eyes were diagnosed with tractional LMH. Compared with
baseline BCVA, postoperative BCVA improved significantly at 12 months postoperatively:
from 0.33 to 0.12 logarithm of the minimum angle of resolution (logMAR) in eyes with
degenerative LMH and from 0.30 to 0.12 logMAR in eyes with tractional LMH (p < 0.05 for
both comparisons). BCVA at 12 months postoperatively did not significantly differ between
the two groups. CMT decreased significantly from 419.4 µm at baseline to 364.2 µm at 12
months postoperatively in eyes with tractional LMH (p < 0.05); conversely, there was no
significant difference in eyes with degenerative LMH (315.5 µm baseline to 314.9 µm at 12
months postoperatively; p > 0.05).
Conclusion: Vitrectomy improved BCVA in eyes with degenerative LMH as well as in eyes
with tractional LMH. BCVA at 12 months postoperatively did not differ between the two
groups.
Keywords: lamellar macular hole, surgery, visual acuity, ellipsoid zone
Introduction
Lamellar macular holes (LMHs) were first described by Gass in 1976.1 LMHs
cause visual loss and metamorphopsia. Patients with LMH typically exhibit relative
preservation of visual acuity (VA), compared with the less-favorable vision experi-
enced by patients with a full-thickness macular hole.2,3 Visual outcomes have not
been consistent after surgery for LMH.3–7 Some investigators have assessed the
preoperative status and surgical procedures for LMHs. Lamellar hole-associated
epiretinal proliferation (LHEP) has been associated with morphological
changes.6,8,9 Inner limiting membrane (ILM) peeling during surgery is an effective
treatment for LMH.10,11 However, air/gas tamponade is known to be effective for
improving central macular thickness (CMT) but does not positively impact VA.11,12
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Preoperative disruption of the ellipsoid zone (EZ) is asso-
ciated with poor postoperative visual outcome.11,13 The
classification of LMHs into two subtypes has been recently
proposed, comprising degenerative and tractional types.14
There has been only one report comparing the effective-
ness of vitrectomy between tractional and degenerative
LMHs; it showed that VA was improved for tractional
LMHs, but not for degenerative LMHs.10 However, the
effectiveness of vitrectomy for each type of LMH is not
well established. In this study, we compared VA and
morphologic surgical outcomes between eyes with degen-
erative LMH and those with tractional LMH. We also
compared preoperative and postoperative best-corrected
visual acuity (BCVA) in degenerative and tractional
LMHs, based on the presence of EZ disruption, presence
of LHEP, and use of air/gas tamponade.
Materials and Methods
This study protocol (IRB# 30–069) was approved by the
Institutional Review Board (IRB)/Ethics Committee Shiga
University of Medical Science (Otsu, Japan). For this type
of retrospective study, an opt-out consent process was used
at Shiga University of Medical Science Hospital; no opt-
out was used at Soseikai General Hospital, following
approval by the IRB. This study adhered to the tenets of
the Declaration of Helsinki. The medical records of
patients who underwent vitrectomy to treat LMH from
January 2011 to December 2017 at Shiga University of
Medical Science Hospital and Soseikai General Hospital
were retrospectively reviewed. All patients had undergone
vitrectomy to treat LMH if they suffered from visual loss
and/or metamorphopsia. There were no limitations regard-
ing preoperative visual acuity. Patients were included in
the study if they had been followed for at least 3 months
and did not meet any of the following exclusion criteria:
the presence of high myopia of ≥6 diopters (D); poor
signal strength of ≤5 on optical coherence tomography
(OCT) (Cirrus OCT, Carl Zeiss Meditec, Dublin, CA,
USA) at baseline and at 1, 3, and 12 months postopera-
tively; history of previous vitreous surgery; presence of
any other retinal disease; and postoperative complication.
Main outcome measures were postoperative logarithm
of minimal angle of resolution (logMAR) BCVA and
CMT. The subjects were divided into two groups: degen-
erative LMH and tractional LMH, in accordance with the
classification by Govetto et al. If the lesion did not defini-
tively match either category, it was classified as
“mixed”.14 Preoperative and postoperative BCVA, CMT,
and metamorphopsia were compared between the two
LMH groups.
Secondary outcome measures were the effects of EZ
disruption, LHEP, and air/gas tamponade use on preopera-
tive and postoperative BCVA in eyes with degenerative or
tractional LMHs.
The following data were collected from medical charts
and OCT images: patient age, sex, operated eye, preopera-
tive BCVA, preoperative CMT, preoperative presence of EZ
disruption, preoperative presence of LHEP, preoperative
phakic/pseudophakic status, and surgical technique used.
BCVA was measured using a Landolt C chart and was
converted to the logMAR equivalent for statistical analysis
at baseline, as well as at 1, 3 and 12 months postoperatively.
CMT was defined as the distance between the vitreoretinal
interface and the inner border of the retinal pigment epithe-
lium (RPE), in accordance with the OCT-device manufac-
turer’s definition. CMT was measured using the RT map
analysis protocol in the OCT instrument at baseline, as well
as at 1, 3 and 12 months postoperatively.
A standard 25-gauge pars plana vitrectomy was per-
formed for all patients. Phacoemulsification and intraocu-
lar lens implantation were performed prior to vitrectomy in
all phakic eyes. Triamcinolone acetonide (MaQaid,
Wakamoto Pharmaceutical Co., Ltd., Tokyo, Japan) was
injected into the vitreous cavity after core vitrectomy to
enable visualization of the epiretinal membrane (ERM),
which was peeled from the macular area with end-gripping
forceps in some patients. After the ERM had been com-
pletely peeled, Brilliant Blue G (BBG, Brilliant Peel™
0.25 mg/mL, Fluoron, Ulm, Germany) was sprayed gently
on the macular area to detect the ILM, which was peeled
from the macular area in all patients. Air/gas tamponade
was performed at the surgeon’s discretion.
Statistical analyses were performed using GraphPad
Prism 6 software (GraphPad Software, Inc., La Jolla, CA,
USA). The results were expressed as the mean ± standard
deviation for continuous variables and as proportions (%)
for categorical variables. The Mann–Whitney U-test was
used for two-group comparisons of independent and
matched groups. Spearman correlation coefficients were
assessed to determine the relationships between postopera-
tive BCVA and each of the preoperative factors. Differences
with p < 0.05 were considered to be statistically significant.
Results
Thirty-two eyes with symptomatic LMH that underwent
surgical treatment in the participating hospitals met the
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above-mentioned inclusion/exclusion criteria. Twenty-four
patients were women (75%). The median patient age was
70 (mean 68.7, range 42–88) years. Right eyes underwent
surgery in 19 patients (59%). Thirteen eyes had degenera-
tive LMH (41%); 19 eyes had tractional LMH (59%); no
eyes were diagnosed as mixed type. Examples of typical
cases of the two types of LMH are shown in Figure 1.
LHEP was present in 12 eyes (37.5%). EZ disruption was
detected in 10 eyes (31.3%) (Table 1). Twelve of 13 eyes
with degenerative LMH and 19 of 19 eyes with tractional
LMH underwent cataract surgery; however, there were no
cataracts that were considered significant enough to have
caused visual loss. Twenty-four eyes underwent air/gas
tamponade during the surgery (Table 2).
Visual Acuity
Across all of the eyes, preoperative mean BCVA was
0.31 ± 0.18 logMAR, while postoperative mean BCVA
was 0.12 ± 0.20 logMAR; this difference was statistically
significant (p = 0.0002). Regarding changes in BCVA on
the basis of type of LMH, VA had significantly improved
at 12 months postoperatively in eyes with degenerative
LMH (0.30 ± 0.15 logMAR to 0.12 ± 0.22 logMAR;
p = 0.007; Figure 2), as well as in those with tractional
LMH (0.33 ± 0.24 logMAR to 0.11 ± 0.17 logMAR;
p = 0.01; Figure 2). Notably, 12-month postoperative
BCVA was not significantly different between the two
groups. Compared with BCVA at 1 month postoperatively,
BCVA improved significantly at 12 months postopera-
tively, from 0.19 to 0.12 logMAR in eyes with degenera-
tive LMH (p = 0.04) and from 0.31 to 0.12 logMAR in
eyes with tractional LMH (p = 0.002).
OCT Findings
Preoperative mean CMT was 377.2 ± 89.0 μm, while post-
operative mean CMT was 345.5 ± 71.4 μm; this difference
was not statistically significant (p > 0.05). Regarding
Figure 1 Typical preoperative and postoperative optical coherence tomography images for the two types of lamellar macular holes.







Sex (male: female) 4: 9 4: 15 0.68
Age (years) 66.2 70.3 0.35
LogMAR BCVA 0.33 ± 0.24 0.30 ± 0.15 0.98
CMT (μm) 315.5 ± 57.4 419.4 ± 80.3 < 0.0001
LHEP (+: -) 9: 4 3: 16 0.0023
Disruptionof EZ (+: -) 7: 6 3: 16 0.049
Abbreviations: logMAR BCVA, logarithm of the minimum angle of resolution
best-corrected visual acuity; CMT, central macular thickness; LHEP, lamellar hole-
associated epiretinal proliferation; EZ, ellipsoid zone.
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changes in CMT on the basis of type of LMH, CMT had
significantly decreased at 12 months postoperatively in eyes
with tractional LMH (414.9 ± 82.5 µm to 364.2 ± 70.9 μm;
p = 0.01), but not in those with degenerative LMH (315.5 ±
57.4 µm to 314.9 ± 63.8 μm; p > 0.05) (Figure 3).
Postoperatively, there were still three eyes with EZ disrup-
tion in the tractional type, but the number in the degenerative
type decreased from seven eyes to four.
Factors Affecting Postoperative BCVA in
Each Subtype of LMH
Comparisons of postoperative BCVA based on EZ dis-
ruption, LHEP, and tamponade use are shown in
Table 3. Postoperative BCVA in patients without EZ
disruption was numerically better than that in patients
with EZ disruption, but the difference was not statisti-
cally significant.
Discussion
We compared functional and anatomic changes after
vitrectomy between eyes with degenerative LMH and
those with tractional LMH, in accordance with the classi-
fication by Govetto et al.14 To the best of our knowledge,
this is the first report to show that vitrectomy is effective
for improving visual acuity in both tractional and degen-
erative LMHs; moreover, there were no differences in the
improvement of VA between tractional and degenerative
LMHs. In another study, BCVA in tractional LMH showed
postoperative improvement, whereas degenerative LMH
did not.10 The postoperative BCVA in tractional LMH
showed significant improvement (p < 0.05) from 0.41 to
0.25 logMAR; in contrast, postoperative BCVA in degen-
erative LMH showed non-significant improvement from
0.61 to 0.54 logMAR.10 In contrast to the findings of that
previous study, BCVA at 12 months postoperatively in the
present study showed significant improvement in both
groups (p < 0.05 for both comparisons): from 0.30 to
0.12 logMAR in degenerative LMH and from 0.33 to
0.11 logMAR in tractional LMH. The findings in previous
reports might differ from those in this report because the
baseline BCVA of eyes with degenerative LMH was worse
in those reports than in our study. Patients with long-term
degenerative LMH may have been included in previous
reports. BCVA may improve postoperatively if the surgery
is performed before severe visual loss. Thus, the difference
in baseline characteristics might have led to different
results. Another explanation was that number of cases
with disruption of the EZ in this study (53.8%) was smal-
ler than that in the study by Govetto et al (95.83%).14 In
this study, the number of eyes with EZ disruption in the






Eyes 13 19 –
ILM peeling (eyes) 13 19 –
Cataract surgery (eyes) 12 19 –
Air/gas tamponade
(eyes) (+: -)
11: 2 13: 6 0.42
Abbreviation: ILM, inner limiting membrane.
Figure 2 Best-corrected visual acuity (BCVA, in logarithm of the minimum angle of
resolution [logMAR]) in eyes with each type of lamellar macular hole (LMH). BCVA
significantly improved after surgery in eyes with degenerative LMH and those with
tractional LMH. Compared with BCVA at 1 month postoperatively, BCVA was
significantly improved at 12 months postoperatively in eyes with tractional LMH
and those with degenerative LMH. BCVA did not significantly differ between the
two groups at 12 months postoperatively.
degenerative
Tractional
Figure 3 Central macular thickness (CMT) in eyes with each type of lamellar
macular hole (LMH). CMT decreased after surgery in eyes with tractional LMH,
but not in those with degenerative LMH.
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degenerative type decreased from seven eyes to four eyes
postoperatively. Preoperative disruption of the EZ can be
repaired after ERM surgery.15,16 The preoperative propor-
tion of eyes with EZ disruption and the improvement in
the EZ in degenerative type eyes might have contributed to
the better postoperative visual acuity in the degenerative
type.
CMT decreased after surgery in tractional LMH, but
not in degenerative LMH. These results were similar to
those of a previous report.10 The cause of higher mean
CMT in tractional LMH might have been foveal traction
related to the ERM; in contrast, mean CMT in degenera-
tive LMH might have been lower because tractional power
is lower without ERM. The fact that CMT in degenerative
LMH was nearly normal preoperatively might account for
the minimal change between baseline and postoperative
measurements.
Postoperative BCVA in patients without EZ disruption
was numerically better than that in patients with EZ dis-
ruption, although the difference was not statistically sig-
nificant. The finding regarding EZ disruption was similar
to that of a previous report.13 The presence of a disrupted
inner segment ⁄ outer segment junction on preoperative
spectral-domain OCT predicted poor visual outcome after
LMH surgery.13 The presence of LHEP and use of tampo-
nade did not significantly influence postoperative BCVA
(Table 3). In another report, BCVA significantly improved
after surgery in eyes without LHEP (p < 0.001) but
showed no change in eyes with LHEP (p = 0.185).17 In
that report, initial BCVA did not differ between the two
groups; however, final BCVA was better in eyes without
LHEP (0.10 ± 0.10 logMAR vs 0.33 ± 0.40 logMAR;
p = 0.003).17 There remains controversy regarding the
removal of LHEP during surgery. The difference between
the findings of this report and those of the previous report
is unknown; however, the surgical technique might have
influenced the results.
This study had some limitations. This study was retro-
spective and short term and had a small sample size.
Furthermore, phacoemulsification and intraocular lens
implantation were performed concurrently with vitrectomy
in all phakic eyes, which might have influenced the results of
this study, although the effect seemed to be minimal because
the preoperative cataracts were mild in all eyes. Although
visual improvement due to cataract surgery could not be
completely excluded, postoperative BCVA at 12 months was
significantly improved compared with postoperative BCVA at
1 month, which supports improvement of BCVA resulting
from the vitrectomy, not just the cataract surgery. In addition
to the improvement in BCVA, EZ improved postoperatively in
some cases, which may also support functional improvement.
Thus, the effect of cataract surgery was limited.
Conclusion
Vitrectomy was effective for the improvement of visual
function in eyes with tractional LMH and those with
degenerative LMH.
Abbreviations
BCVA, best-corrected visual acuity; CMT, central macular
thickness; ERM, epiretinal membrane; EZ, ellipsoid zone;
ILM, inner limiting membrane; IRB, Institutional Review
Board; LHEP, lamellar hole-associated epiretinal prolifera-
tion; LMHs, lamellar macular holes; logMAR, logarithm of
Table 3 Comparison of Pre- and Postoperative Logarithm of the Minimum Angle of Resolution Best-Corrected Visual Acuity (Log
MAR BCVA) Between Presence and Absence of Disruption of Ellipsoid Zone (EZ), Presence of Lamellar Hole-Associated Epiretinal
Proliferation (LHEP), and Use of Air/Gas Tamponade in Degenerative or Tractional Type Lamellar Macular Holes
Disruption of EZ LHEP Air/Gas Tamponade
Degenerative type
Presence (n = 7) Absence (n = 6) Presence (n = 9) Absence (n = 4) Presence (n = 11) Presence (n = 2)
Pre LogMAR BCVA 0.34 ± 0.34 0.32 ± 0.13 0.36 ± 0.28 0.25 ± 0.18 0.34 ± 0.25 0.25 ± 0.21
Post 12M LogMAR BCVA 0.19 ± 0.17 −0.003 ± 0.08 0.09 ± 0.16 0.16 ± 0.20 0.14 ± 0.17 −0.02 ± 0.09
Tractional type
Presence (n = 3) Absence (n = 16) Presence (n = 3) Absence (n = 16) Presence (n = 13) Presence (n = 6)
Pre LogMAR BCVA 0.26 ± 0.13 0.31 ± 0.16 0.41 ± 0.11 0.28 ± 0.15 0.29 ± 0.11 0.33 ± 0.22
Post 12M LogMAR BCVA 0.30 ± 0.27 0.08 ± 0.20 0.23 ± 0.27 0.10 ± 0.22 0.10 ± 0.21 0.16 ± 0.26
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minimal angle of resolution; OCT, optical coherence tomo-
graphy; RPE, retinal pigment epithelium; VA, visual acuity.
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